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(57) ABSTRACT

A method of providing a redistribution layer (RDL) and a
through-silicon via (TSV) for a semiconductor package is
disclosed. The method comprises preparing a wafer for bond-
ing to a semiconductor package. The wafer comprises a low
resistance substrate containing a RDL and a TSV for making
an input/output (I/O) connection point of the semiconductor
package available at another location. The RDL comprises a
conduction path through the low resistance substrate that is
bounded on two sides by an isolation trench. The TSV is
bounded by the isolation trench and the RDL. Preparing the
wafer for bonding may comprise preparing the isolation
trench that bounds the conduction path for the RDL through
the low resistance substrate and bounds a vertical conduction
path in a pillar for the TSV in the low resistance substrate,
filling the isolation trench with isolation trench material, and
preparing a wafer bonding surface.

18 Claims, 15 Drawing Sheets
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1
STRUCTURE AND METHOD OF PROVIDING
A RE-DISTRIBUTION LAYER (RDL) AND A
THROUGH-SILICON VIA (TSV)

BACKGROUND

The technology described in this patent document relates
generally to 3-D semiconductor devices and more specifi-
cally to a structure and methods for providing a re-distribu-
tion layer and a through-silicon via.

Scaling of semiconductor devices has enabled continued
improvement in speed, performance, density, and cost per
unit function of integrated circuits over the past few decades.
Improvements to the process for fabricating a re-distribution
layer and a through-silicon via can further the scaling of
integrated circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is noted that, in accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarity of discussion.

FIG. 1A depicts a bottom view of an example cap wafer
that can be bonded to a semiconductor device to provide a
through-silicon via (TSV) and a re-distribution layer (RDL),
in accordance with some embodiments.

FIG. 1B depicts a side view of the cap wafer of FIG. 1A.

FIG. 2 is a process flow chart depicting an example method
for generating a semiconductor structure having a TSV and a
RDL fabricated together in a low resistance wafer that is
bonded to an underlying semiconductor device, in accor-
dance with some embodiments.

FIG. 3 is a process flow chart depicting another example
method for generating a semiconductor structure having a
TSV and a RDL fabricated together in a low resistance wafer
that is bonded to an underlying semiconductor device, in
accordance with some embodiments.

FIG. 4 is a process flow chart depicting an example method
for front end cap wafer fabrication, in accordance with some
embodiments.

FIG. 5 is a process flow chart depicting another example
method for generating a semiconductor structure having a
TSV and a RDL fabricated together in a low resistance wafer
that is bonded to an underlying semiconductor device, in
accordance with some embodiments.

FIG. 6 is a cross sectional view of an example semicon-
ductor wafer after silicon nitride deposition, photolithogra-
phy and etching operations, in accordance with some embodi-
ments.

FIG. 7A is a top view of an example semiconductor wafer
after isolation trench photolithography and etching opera-
tions, in accordance with some embodiments.

FIG. 7B is a cross sectional view of the example semicon-
ductor wafer of FIG. 6A.

FIG. 8 is a cross sectional view of the example semicon-
ductor wafer after isolation oxidation operations, in accor-
dance with some embodiments.

FIG. 9 is a cross sectional view of the example semicon-
ductor wafer after silicon nitride removal operations, in
accordance with some embodiments.

FIG. 10 is a cross sectional view of the example semicon-
ductor wafer after trench filling operations, in accordance
with some embodiments.

10

20

25

30

35

40

45

2

FIG. 11 is a cross sectional view of the example semicon-
ductor wafer after metal formation operations, in accordance
with some embodiments.

FIG. 12 is a cross sectional view of the example semicon-
ductor wafer after wafer bonding operations, in accordance
with some embodiments.

FIG. 13A is a top view and FIG. 13B is a cross sectional
view of the example semiconductor wafer after wafer thin-
ning operations and the application of a solder bump process,
in accordance with some embodiments.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the provided subject matter. Specific examples of compo-
nents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not intended to be limiting. For example, the formation of
a first feature over or on a second feature in the description
that follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is for
the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments and/
or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Described herein are methods that can be used to fabricate
a through-silicon via (TSV) with a small via footprint, and
also to fabricate a TSV and a re-distribution layer (RDL) at
the same time. These methods could be utilized in wafer level
chip scale package (WLCSP) technology to lower fabrication
costs and achieve a smaller die size.

In many systems the minimal size of an electroplating TSV
is constrained by the via depth. Whenever a deeper via is
desired, the size of the TSV increases. Also, in these systems
the RDL may not be integrated with TSV technology. In these
systems, extra processes and masks may be used to fabricate
aRDL.

According to the methods described herein, a TSV is
formed by etching an isolation trench that encloses a low
resistance Si-pillar and/or a RDL as an electrical conduction
path and filling the isolation trench with isolation trench
material such as poly-silicon and an oxide for following back-
end processes. A TSV constructed using these techniques
may result in a smaller TSV size for the same TSV depth as
compared to a TSV constructed using other techniques. Also,
aRDL and a TSV may be fabricated simultaneously using the
methods described herein.

FIG. 1A depicts a bottom view of a cap wafer 10 (e.g., alow
resistance silicon (Si) substrate) that can be bonded to a
semiconductor device to provide a through-silicon via (TSV)
with a small via footprint and to provide a re-distribution
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layer (RDL). The TSV and RDL cooperate to make an input/
output (I/O) connection point of a semiconductor device
available at another location. FIG. 1B depicts a side view of
the cap watfer 10 along cutline A-A'. The TSV and RDL may
be fabricated at the same time using the techniques disclosed
herein. The depicted structure may be utilized in wafer level
chip scale package (WLCSP) technology to lower fabrication
costs and to achieve a smaller die size.

The depicted structure may be formed by etching an isola-
tion trench 12 in the low resistance Si wafer 10. The isolation
trench may enclose a low resistance pillar 14 (e.g., Si-pillar)
as a TSV electrical conduction path in a low resistance sub-
strate, a RDL 16 as an electrical conduction path in a low
resistance substrate, or both. The isolation trench 12 in this
example is filled with poly-Si 18 and an oxide 20 (e.g., SiO,)
to isolate the TSV 14 and the RDL conduction path 16 within
the cap wafer 10. A solder bump 22 (made from, e.g., a
Tin-based alloy) may be provided on the bottom surface of the
low resistance Si-pillar 14 of the cap wafer 10 to provide a
connection pointto a system level printed circuit board (PCB)
to which the cap wafer 10 may be mounted after chip dicing.
A dielectric layer 24 may be provided on other parts of the
bottom surface of the cap wafer 10 to provide isolation from
a system level PCB to which the cap wafer 10 may be
mounted. In the example, of FIGS. 1A and 1B, the trench has
a diameter 21 0 9.3 um (1.5 um ox+6.3 um poly+1.5 pm ox)
and a height 23 of 150 um, and the TSV pillar 14 has a
diameter 25 greater than 15 pm.

FIG. 2 is a process flow chart depicting an example method
for generating a semiconductor structure having a TSV and a
RDL fabricated together in a low resistance wafer that is
bonded to an underlying semiconductor device. The example
method comprises front end cap wafer fabrication operations
(operation 102), bonding the cap wafer to a semiconductor
package (operation 104), and backend cap wafer processing
operations (operation 106).

FIG. 3 is a process flow chart depicting another example
method for generating a semiconductor structure having a
TSV and a RDL fabricated together in a low resistance wafer
that is bonded to an underlying semiconductor device. This
example method includes operations similar to that of the
example method of FIG. 2, but also illustrates example opera-
tions for front end cap wafer fabrication. In this example, a
low resistance wafer is provided (operation 108). Isolation
trenches are prepared in the silicon wafer to define and bound
a TSV pillar and a RDL path (operation 110). Appropriate
isolation trench material is provided in the trenches such as
poly-Si and SiO, (operation 112). The cap wafer bonding
surface is then prepared (operation 114).

FIG. 4 is a process flow chart depicting an example method
for front end cap wafer fabrication. This example method
includes operations similar to that of the example method of
FIG. 3, but also illustrates example operations for preparing
trenches, depositing trench material, and preparing the bond-
ing surface. Preparing trenches that isolate the TSV and RDL
locations on the wafer, in this example, involves silicon
nitride deposition, photolithography and etching using a first
mask (operation 116) and isolation trench photo lithography
and etching using a second mask (operation 118) to define the
layout of silicon nitride and the trenches, respectively, on the
wafer.

After the trenches are formed, trench material is deposited
in the trenches to isolate the TSV and RDL locations on the
wafer (operation 112). First, in this example, thermal oxida-
tion is performed to form an isolation oxide layer of about 1
um to 1.5 um on the silicon surface not covered by silicon
nitride film (operation 120). Next, silicon nitride is removed
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so that the silicon surface of the Si pillar is exposed (operation
122) and poly-silicon is deposited (operation 124) to fill-up
the isolation trench and at the same time make a good elec-
trical contact with the Si-pillar which serves as the TSV.

After the trenches are filled, the cap wafer bonding surface
is prepared (operation 114). Preparation may involve forming
metal on the bottom surface (operation 126) to bond to metal
on the semiconductor device to which the cap wafer is to be
bonded. The metal formed on the bottom surface may be
formed using a metal deposition operation such as Germa-
nium (Ge) metal sputtering. Preparation also involves Ger-
manium/poly-silicon photolithography and etching (e.g.,
using a third mask) (operation 128) to form a poly-silicon
stand-off serving as a spacer between the cap wafer and
underlying semiconductor device wafer.

FIG. 5 is a process flow chart depicting another example
method for generating a semiconductor structure having a
TSV and a RDL fabricated together in a low resistance wafer
that is bonded to an underlying semiconductor device. This
example method comprises operations similar to that of the
example method of FIG. 2, but also illustrates example opera-
tions for bonding a cap watfer to a semiconductor package and
for performing back end cap wafer operations. In this
example, bonding a cap wafer to a semiconductor package
(operation 104) may involving bonding the cap wafer to a
micro-electro-mechanical systems (MEMS) wafer or to a
MEMS/CMOS wafer (operation 130). Back end cap wafer
processing, in this example, involves operations to reduce the
thickness (i.e., thinning) of the cap wafer (operation 132)
through operations such as planarization. The cap wafer is
thinned to a level such that the trenches that have been fabri-
cated extend from the bonding surface of the cap wafer to the
top surface of the wafer. Back end cap wafer processing, in
this example, also involves providing a solder bump at an
appropriate location on the top surface of the cap wafer (op-
eration 134).

FIG. 6 is a cross sectional view of the example semicon-
ductor wafer 200 after silicon nitride deposition, photolithog-
raphy and etching operations (e.g., operation 116 of FIG. 4)
and prior to isolation trench photolithography and etching
operations. Shown are deposited silicon nitride regions 202
and 204.

FIG. 7A is a top view of the example semiconductor wafer
200 after isolation trench photolithography and etching
operations (operation 118 of FIG. 4). FIG. 7B is a cross
sectional view of the example semiconductor wafer of FIG.
7A. Illustrated are isolation trenches 206, a pair of TSV
locations 208, 210 and a RDL path 212.

FIG. 8 is a cross sectional view of the example semicon-
ductor wafer 200 after isolation oxidation (operation 120 of
FIG. 4), which may be accomplished using a furnace envi-
ronment. [llustrated is a layer of oxidation 214 around the top
surface of the wafer 200 and in the isolation trenches 206.

FIG. 9 is a cross sectional view of the example semicon-
ductor wafer 200 after silicon nitride removal (operation 122
of FIG. 4), which may be accomplished, for example, using a
reactive ion etching (RIE) process.

FIG. 10 is a cross sectional view of the example semicon-
ductor wafer 200 after filling the trenches 206 with poly-
silicon 216 (operation 124 of FIG. 4). The poly-silicon 216
has the same doping type as the semiconductor wafer 200 and
may be applied using, for example, a chemical vapor deposi-
tion (CVD) process. [llustrated is a 4 um layer of poly-silicon
deposited in the trenches 206.

FIG. 11 is a cross sectional view of the example semicon-
ductor wafer 200 after formation of metal 218 at open sec-
tions of the wafer (operations 126 and 128 of FIG. 4). The
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metal formation in this example involves Ge patterning and
poly-silicon patterning (e.g., to form poly-silicon stand-offs
219) at the same time using operations such as photolithog-
raphy, deposition, and etching operations. The poly-silicon
stand-off 219 is physically and electrically connected to the
poly-silicon in the isolation trench 216, serving as an electri-
cal conduction path in parallel with the TSV 208.

FIG. 12 is a cross sectional view of the example semicon-
ductor wafer 200 after the wafer 200 is bonded to a semicon-
ductor package 220 (operation 130 of FIG. 5) and wafer
thinning operations (operation 132 of FIG. 5). In this
example, the Ge 218 is bonded to metal connection points 222
on the semiconductor package 220. The metal connection
points 222 in this example are made of metal material such as
aluminum-copper (AlCu). The semiconductor package 218
may comprise different configurations such as a MEMS
package or a MEMS package mounted on a CMOS package.

FIG. 13A is a top view and FIG. 13B is a cross sectional
view of the example semiconductor wafer 200 after dielectric
deposition and a solder bump application process (operation
134 of FIG. 5). [llustrated are a through-silicon via (TSV)
208, a RDL path 212, a dielectric 224, and a solder bump 226
(the dielectric is not shown in FIG. 13A).

The foregoing describes methods for constructing a TSV
with a small via footprint and also to fabricate a TSV and a
RDL at the same time. These methods may be utilized in
wafer level chip scale package (WLCSP) technology to
achieve a lower fabrication cost and a smaller die size.

In one embodiment, disclosed is a method of providing a
redistribution layer (RDL) and a through-silicon via (TSV)
for a semiconductor package. The method comprises prepar-
ing a wafer for bonding to a semiconductor package and
bonding the wafer to the semiconductor package. The wafer
comprises a low resistance substrate containing a RDI and a
TSV for making an input/output (I/O) connection point of the
semiconductor package available at another location. The
RDL comprises a conduction path through the low resistance
substrate that is bounded on two sides by an isolation trench.
The TSV is bounded by the isolation trench and the RDL.

These aspects and other embodiments may include one or
more of the following features. Preparing the wafer may
comprise preparing an isolation trench that bounds the con-
duction path for the RDL through the low resistance substrate
and bounds a vertical conduction path in a pillar for the TSV
in the low resistance substrate. Preparing the wafer may fur-
ther comprise filling the isolation trench with isolation trench
material and preparing a wafer bonding surface. Preparing an
isolation trench may comprise photolithography and etching
operations. Filling the isolation trench with isolation trench
material may comprise oxidation operations and poly trench
filling operations. The isolation trench material may comprise
poly-silicon material bounded by an oxide. Preparing the
wafer bonding surface may comprise providing a first metal
surface for bonding to a metal surface associated with the
semiconductor package. Providing a first metal surface may
comprise metal and poly-silicon patterning operations. The
first metal surface may comprise Germanium (Ge). The
method may further comprise forming a stand-off to serve as
both a spacer and an electrical conduction path between the
wafer and the semiconductor package. The stand-off may be
a poly-silicon stand-off with the same doping type as the
substrate. The bonding the wafer to the semiconductor pack-
age may comprise bonding the wafer to a MEMS or MEMS/
CMOS wafer. The method may further comprise thinning the
wafer to allow the isolation trench to extend through the
thickness of the wafer from a top surface to a bottom surface.
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The thinning the wafer may be performed after the wafer is
bonded to the semiconductor package.

In another embodiment, disclosed is a structure for provid-
ing a semiconductor package with a redistribution layer
(RDL) and a through-silicon via (TSV). The structure com-
prises a low resistance substrate, a conductive RDL path
through the low resistance substrate that is bounded by an
isolation trench, and a TSV pillar formed in the substrate that
extends from a top surface to a bottom surface of the substrate
and that is bounded by a curved section of the isolation trench.
The isolation trench has been at least partially filled with
non-conductive material that electrically isolates sections of
the low resistance substrate that are on opposite sides of the
isolation trench and poly-silicon. The structure further com-
prises a poly-silicon stand-off physically and electrically con-
nected to both the TSV pillar and the poly-silicon in the
isolation trench.

These aspects and other embodiments may include one or
more of the following features. The structure may further
comprise a solder bump on the top surface wherein the TSV
and the RDL cooperate to make an 1/O connection point of a
system level PCB board to which the structure is mounted
available at the solder bump. The structure may further com-
prise a bonding surface on a bottom surface for bonding with
the semiconductor package. The bonding surface may
include a first metal surface for bonding to a metal surface
associated with the semiconductor package. The first metal
surface may comprise Germanium (Ge). The bonding surface
may define a poly-silicon stand-off serving as a spacer and an
electrical conduction path between structures.

In yet another embodiment, disclosed is a semiconductor
device comprising a semiconductor package and a wafer
bonded to the semiconductor package. The wafer comprises a
low resistance substrate and a conductive RDL path through
the low resistance substrate that is bounded by an isolation
trench. The isolation trench has been filled or partially filled
with non-conductive material that electrically isolates sec-
tions of the low resistance substrate that are on opposite sides
of the isolation trench and poly-silicon. The wafer further
comprises a TSV pillar formed in the substrate that extends
from a top surface to a bottom surface of the substrate and that
is bounded by a curved section of the trench. The wafer
further comprises a poly-silicon stand-oft physically and
electrically connected to both the TSV pillar and the poly-
silicon in the isolation trench.

These aspects and other embodiments may include one or
more of the following features. The semiconductor device
may further comprise a solder bump on a top surface of the
wafer wherein the TSV and the RDL path cooperate to make
an [/O connection point on the system level PCB board avail-
able at the solder bump. The semiconductor device may fur-
ther comprise a bonding surface on a bottom surface of the
wafer for bonding with the semiconductor package. The
bonding surface may include a first metal surface for bonding
to a metal surface associated with the semiconductor package

The foregoing outlines features of several embodiments so
that those skilled in the art may better understand the aspects
of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.
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What is claimed is:

1. A method of providing a redistribution layer (RDL) and
athrough-silicon via (TSV) for a semiconductor package, the
method comprising:

preparing a wafer for bonding to a semiconductor package,

the wafer comprising a low resistance substrate contain-
ing the RDL and the TSV for making an input/output
(I/0) connection point of the semiconductor package
available at another location, wherein the RDL com-
prises a conduction path through the low resistance sub-
strate that is bounded on two sides by an isolation trench,
and wherein the TSV is bounded by the isolation trench
and the RDL; and

bonding the wafer to the semiconductor package.

2. The method of claim 1, wherein the preparing a wafer
comprises:

preparing the isolation trench that bounds the conduction

path for the RDL through the low resistance substrate
and bounds a vertical conduction path in a pillar for the
TSV in the low resistance substrate;

filling the isolation trench with isolation trench material;

and

preparing a wafer bonding surface.

3. The method of claim 2, wherein the preparing the isola-
tion trench comprises photolithography and etching opera-
tions.

4. The method of claim 2, wherein the filling the isolation
trench with isolation trench material comprises oxidation
operations, silicon nitride removal operations, and poly
trench filling operations.

5. The method of claim 4, wherein the isolation trench
material comprises poly-silicon material bounded by an
oxide.

6. The method of claim 2, wherein the preparing the wafer
bonding surface comprises providing a first metal surface for
bonding to a metal surface associated with the semiconductor
package.

7. The method of claim 6, wherein the providing a first
metal surface comprises metal and poly-silicon patterning
operations.

8. The method of claim 6, wherein the first metal surface
comprises Germanium (Ge).

9. The method of claim 6, further comprising forming a
stand-off to serve as both a spacer and an electrical conduc-
tion path between the wafer and the semiconductor package.

10. The method of claim 9, wherein the stand-off is a
poly-silicon stand-off with the same doping type as the sub-
strate.

11. The method of claim 1, wherein the bonding the wafer
to the semiconductor package comprises bonding the wafer to
a micro-electro-mechanical system (MEMS) or MEMS/
CMOS wafer.

12. The method of claim 1, further comprising:

thinning the wafer to allow the isolation trench to extend

through the thickness of the wafer from a top surface to
a bottom surface.
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13. The method of claim 12, wherein the thinning the wafer
is performed after the wafer is bonded to the semiconductor
package.

14. A method for manufacturing a semiconductor device
that includes a wafer, the method comprising:

forming in the wafer an isolation trench that isolates a first

section of the wafer from a second section of the wafer;
forming non-conductive material in the isolation trench to
partially fill the isolation trench;

forming poly-silicon on the non-conductive material to

substantially fill the isolation trench;

forming a stand-off that includes poly-silicon and that is

connected to the first section of the wafer and the poly-
silicon in the isolation trench; and

forming metal on the poly-silicon of the stand-off.

15. The method of claim 14, the semiconductor device
further including a semiconductor package, the method fur-
ther comprising connecting the metal to the semiconductor
package.

16. A method for manufacturing a semiconductor device
that includes a wafer, the method comprising:

forming in the wafer an isolation trench that isolates a first

section of the wafer from a second section of the wafer;
substantially filling the isolation trench with isolation
trench material that includes poly-silicon;

forming on a first surface of the wafer a stand-off that

includes poly-silicon and that is connected to the first
section of the wafer and the poly-silicon in the isolation
trench;

forming metal on the poly-silicon of the stand-off;

thinning the wafer to allow the isolation trench to extend to

a second surface of the wafer opposite to the first surface
of the wafer; and

forming on the second surface of the wafer a solder bump

that is connected to the first section of the wafer.

17. A method for manufacturing a semiconductor device
that includes a wafer, the wafer having a first section, a second
section, an isolation trench that isolates the first and second
sections from each other, and an isolation trench material that
substantially fills the isolation trench and that includes poly-
silicon, the method comprising:

forming on a first surface of the wafer a stand-off that

includes poly-silicon and that is connected to the first
section of the wafer and the poly-silicon in the isolation
trench;

forming metal on the poly-silicon of the stand-off;

thinning the wafer to allow the isolation trench to extend to

a second surface of the wafer opposite to the first surface
of the wafer; and

forming on the second surface of the wafer a solder bump

that is connected to the first section of the wafer.

18. The method of claim 17, the semiconductor device
further including a semiconductor package, the method fur-
ther comprising connecting the metal to the semiconductor
package.



